. Ventilatory insufficiency in infants with giant omphalocele is multifactorial 1, 6 . Early antenatal diagnosis, together with advances in paediatric surgical techniques, parenteral nutrition and mechanical ventilation of neonates has reduced mortality, but has introduced a new morbidity-a growing number of children who require long-term ventilatory support.
We describe the case histories of three children with giant omphalocele and ventilatory insufficiency who have recently been managed at Starship Children's Hospital. Written parental consent for publication was obtained.
CASE HISTORIES
The first patient was born by caesarean section at 35 weeks' gestation with a birth weight of 1789 g. An antenatal scan had demonstrated a giant omphalocele and an amniocentesis showed a normal female karyotype. Within 24 hours of birth a silo was formed over the omphalocele and the skin was closed on day five. She was ventilated from birth until day 10 and then maintained on low flow oxygen (0.125 l/min) to day 22, before requiring reintroduction of nasopharyngeal continuous positive airway pressure (CPAP) due to marked respiratory distress together with failure to thrive. An echocardiogram revealed a large atrial septal defect (ASD) (8 mm) which was initially managed conservatively with diuretics. A rigid bronchoscopy showed bronchomalacia of the left main stem bronchus. A chest x-ray ( Figure 1A ) and high resolution computed tomography (HRCT) scan of the chest and abdomen noted a tubular thoracic cage, some basal atelectasis, no pulmonary hypoplasia and a large omphalocele which contained much of the liver. Due to ongoing respiratory difficulties she was referred to our institution at five months of age, having been unable to be weaned from nasopharyngeal CPAP. Diaphragmatic screening showed that the left diaphragm did not move with respiration and, although elevated, the right diaphragm was normally functioning. Although she had multiple pathologies contributing to her respiratory distress, all were expected to improve with time and a conservative approach was continued. CPAP delivery was changed to nasal mask delivery and weaned to use only during sleep. CPAP pressure was titrated to maintain her oxygen saturations >95% for 95% of the night and normalise the P a CO 2 . She was discharged home on a CPAP pressure of 6 cmH 2 O at the age of six months.
She returned for review at nine months of age. She was failing to thrive (weight previously tenth centile, now < third centile), and on CPAP her baseline oxygen saturations were lower than at discharge, with 51% of the night between 95 and 100% and between 90 and 95% for 43% of the night. An echocardiogram showed a persisting large ASD with left to right shunting, right atrial dilatation, trivial tricuspid regurgitation, moderate right ventricular dilatation and pulmonary arterial dilatation consistent with pulmonary hypertension. Her ASD was surgically closed and postoperatively on CPAP 6 cmH 2 O her oxygen saturations overnight were >95% for >95% of the night. Repeat echocardiograms postoperatively showed resolution of the previous abnormalities.
Nocturnal CPAP support was weaned successfully at 13 months of age, with no clinical evidence of increased respiratory effort, and a normal overnight oximetry and P a CO 2 without CPAP. Surgical correction of her left diaphragm has not been necessary. She remains well, self-ventilating in air but with ongoing nasogastric feeding.
Patient 2 was born by caesarean section at 36 weeks' gestation weighing 2220 g. An antenatal scan had demonstrated a giant omphalocele and a postnatal karyotype showed a normal female. Her early chest x-ray showed a long tubular chest ( Figure 1B) . A silastic bag was placed over the omphalocele on day 3, followed by patch operation and skin grafting. She was ventilated until day 15, then required CPAP for 63 days and was discharged home on low flow oxygen (0.125 l/min) at five months of age. Over the next four months she had four admissions to her local hospital with respiratory illnesses and failure to thrive, before being re-ventilated and transferred at the age of 10 months to the PICU at our institution with left lung collapse.
Relative to her, the giant omphalocele reached from her chin to her knees and resulted in significant anatomical and mechanical disadvantage to breathing. Her P a co 2 had been in the range of 6.7-12 kPa throughout her life. She was severely malnourished, an echocardiogram showed right heart strain and a blood gas showed acute on chronic respiratory failure. High resolution CT scan of the chest showed complete collapse of the left lung and subsegmental atelectasis of the right upper lobe. Flexible broncho- scopy demonstrated marked narrowing of the left main bronchus that was significantly improved when in the left side up position. She was managed with positioning, diuretics, supplemental oxygen and chest physiotherapy. Nasal prong oxygen was weaned to 0.2 l/min and repeat overnight oximetry showed a baseline of 98% with no desaturations. However, the P a CO 2 remained mildly elevated at 7.4 kPa. She gained weight with high calorie nasogastric feeds.
She returned to her local hospital and subsequently home on supplemental oxygen. She remained well and her weight gain improved. Unfortunately, two months later (aged 15 months), she was re-admitted with a severe respiratory decompensation requiring mechanical ventilation with high pressures (PIP 30 cmH 2 O/PEEP 10 cmH 2 O with a FiO 2 of 100%). An echocardiogram showed pulmonary hypertension with systemic right-sided pressures and right heart failure. She developed a massive chylous ascitic drainage from her omphalocele, the aetiology of which remained unknown despite extensive investigation. Treatment with medium chain triglyceride feeds and octreotide had no impact on the drainage, with losses of 8 l/day. Her cardiovascular status became more unstable, with bradycardia on minimal handling and suctioning. Despite aggressive PICU support she continued to deteriorate and following discussions with her family, care was withdrawn two weeks after admission.
The third patient was born by caesarean section at 37 weeks' gestation, twin 1, weighing 2160 g. An antenatal scan had demonstrated a giant omphalocele and amniocentesis showed a normal male karyotype. Due to a constellation of midline defects (sternum, diaphragm, heart and abdominal wall) he was diagnosed as having Pentalogy of Cantrell. He had only minor structural heart defects (mild pulmonary stenosis and an atrial septal defect) and follow-up cardiac assessments confirmed a structurally normal heart. He was ventilated from birth until 39 days of life. The omphalocele was managed by insertion of a prolene mesh to cover the sac. Discharge occurred at four months of age on low flow oxygen (0.125 l/min).
Over the next three months he required five readmissions to hospital, including four requiring ventilatory support in PICU (total 17 days). The deteriorations were associated with tachypnoea, sweating and oxygen desaturation. His early morning P a CO 2 off the ventilator was between 8-10 kPa. From then until he was two years old he only managed to have 25 days at home due to recurrent respiratory deteriorations requiring further ventilation. Although at birth he was noted to have a narrow thoracic cage but relatively clear parenchyma ( Figure 1C) , he subsequently developed chronic lung disease, contributed to by recurrent need for mechanical ventilation and chronic aspiration.
His clinical symptoms were responsive to diuretics which were maintained. A high resolution CT scan at six months of age showed patchy consolidation in the posterior segments of the right and left upper lobe and minor atelectasis around apical segments of both lower lobes, with no evidence of pulmonary hypoplasia. Sternal ossification was markedly reduced. An echocardiogram showed a dilated main pulmonary artery with severe right ventricular pressure overload (mean pulmonary artery pressure at least 77 mmHg), moderate right ventricular systolic dysfunction and a flattened intraventricular septum consistent with moderate pulmonary hypertension. A flexible bronchoscopy demonstrated marked narrowing of the left main bronchus and non-specific swelling and inflammation of the airways. The bronchoalveolar lavage grew Moxarella catarrhalis. Despite being continuously fed via a nasojejunal tube and maintained on anti-reflux therapy, he continued to vomit frequently, often associated with a deterioration in his respiratory status. Fundoplication was discussed but not performed as the liver and much of the stomach were in the omphalocele sac, making surgery technically difficult.
Due to evidence of acute on chronic respiratory failure at six months he was commenced on nasal mask CPAP and then at seven months progressed to needing bi-level ventilation. By 13 months of age he was dependent on ventilatory support for most of each day and thus progressed to a tracheostomy. Despite 24 hours a day ventilatory support and diuretics the pulmonary hypertension did not improve and so a clinical trial of sildenafil was commenced. This was associated with an improvement in clinical status and follow-up echocardiograms have shown improvement in his pulmonary hypertension. A sleep study demonstrated hypercarbia and recurrent hypopneas on CPAP via tracheostomy. He was therefore treated with bi-level support via tracheostomy overnight (Newport HT 50 ventilator, Newport Medical Instruments Inc., CA, U.S.A.) with 35% oxygen and 1 l/min supplemental oxygen during the day. He was discharged home at 25 months of age.
DISCUSSION
This case series alerts clinicians, surgeons and intensivists to the potential need for ongoing ven-tilatory support after the neonatal period in children born with giant omphalocele. The three cases had very different outcomes but all had ventilatory insufficiency with significant morbidity, left main-stem bronchomalacia and required substantial respiratory support until at least the second year of life.
The occurrence of respiratory insufficiency is well documented for newborns with omphalocele 6, 7 . It has been attributed to increased intra-abdominal pressure and elevation of the diaphragm after early surgical correction 6 . Overall survival appears to depend on the size of the defect, degree of viscero-abdominal disproportion, associated anomalies (e.g. Pentalogy of Cantrell 4, 8, 9 ), presence of respiratory distress at birth 7, 10 and associated lung hypoplasia 7, 11 . In the longer term, significant respiratory morbidity has been described secondary to asthma, gastro-oesophageal reflux disease, recurrent pulmonary infections, feeding problems and failure to thrive 1 . However, there is limited literature on the need for ongoing respiratory support outside the neonatal period in children born with giant omphalocele. In one series of five infants with giant omphalocele who required prolonged respiratory support related to left lung collapse and bronchial deformation, two died and three required prolonged ventilation (maximum age 11 months) 12 . Pulmonary hypertension was not reported and the surgical technique appeared more aggressive than our series. In another series conservative surgical management has been shown to be associated with a reduced mortality rate and incidence of complications 13 . We therefore advocate for a conservative surgical approach.
Pulmonary hypoplasia may contribute to respiratory insufficiency in children with giant omphalocele. In one series of 33 children with giant omphalocele (four with Pentalogy of Cantrell), a thoracic cage deformity, characterized by a narrow chest and downslanting ribs, was identified radiographically in 42% 14 . Of 12 infants with this thoracic cage deformity who died, lung weight to body weight ratio indicated marked pulmonary hypoplasia in three (25%) and radial alveolar counts indicated mild pulmonary hypoplasia in four additional infants. While we did not quantitate the thoracic cage deformity in our study, x-rays consistent with these findings were seen in all of the children in our study and also in the Melbourne study of five children requiring long-term ventilation 12 , suggesting that pulmonary hypoplasia contributes to long-term ventilatory dependency.
The outcome of children with giant omphalocele requiring prolonged respiratory support is unknown and some might argue that the burden of continuing care is enough to consider limitation of therapy. None of the parents in this series had been told there may be a possibility of their child needing longterm ventilatory support or of the complication of pulmonary hypertension. Initiation and continuation of ventilatory support involve major ethical issues that need to be discussed frankly with families before it is embarked upon 15 . Any form of long-term assisted ventilation has enormous implications for the quality of life of the child and their family, especially when tracheostomy ventilation may be needed. Antenatal diagnosis provides an ideal opportunity for these discussions. In case 3 the limits of ventilatory support were discussed before tracheostomy ventilation was undertaken. This included discussion and agreement on the limits of support if his respiratory progress deteriorated. A similar plan was followed with case 2.
Neither of the series published since 2000 1, 12 describe pulmonary hypertension as a comorbidity, yet first principles suggest that it is a likely complication. Our series suggests that infants with giant omphalocele who have prolonged ventilation after the neonatal period, difficulties with extubation, recurrent respiratory deteriorations and prolonged supplemental oxygen are likely to require longterm ventilatory support. Such children should have cardiac and respiratory specialist review and followup. A high resolution chest scan with contrast, transoesophageal echocardiogram and flexible bronchoscopy are essential evaluations. Undertaking these investigations would exclude or confirm presence of pulmonary hypoplasia, bronchomalacia and pulmonary hypertension as contributing factors to respiratory failure and form the basis of recommendations for appropriate ventilatory support. Formal sleep studies may determine adequacy of ventilation and be useful in titrating ventilatory support.
In conclusion, long-term respiratory support may be required for children with giant omphalocele. Pre-existing pulmonary hypoplasia, the complication of pulmonary hypertension plus additional comorbidities such as bronchomalacia, gastro-oesophageal reflux and recurrent respiratory infections may contribute to a lasting need for respiratory support. All healthcare professionals should be aware of the potential need for long-term ventilatory support in children born with a giant omphalocele. They should address ethical issues, counsel parents appropriately and consider early respiratory support in an attempt to limit future morbidity. Timely review in a centre with specialist teams to evaluate and manage such children is vital.
